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Baryonyx walkeri, first recovered from the Barremian of England, is the best known 51 spinosaurid taxon hitherto and the only known species of Spinosauridae from Europe 52 (Charig and Milner, 1986) . The holotype of Baryonyx consists of a partial skeleton 53 including partial skull and postcranium Milner, 1986, 1997) . Along with its 54 crocodile-like skull, Baryonyx also stands out in having a hypertrophied manual ungual 55 of digit I, which is the meaning of its genus name. Such enlarged thumb claw also 56 appears to be present in other spinosaurid taxa such as Suchomimus tenerensis (Sereno 57 et al., 1998) and possibly Spinosaurus aegyptiacus (Ibrahim et al., 2014) . Several taxa 58 of large-bodied tetanurans also developed enlarged manual ungual phalanges (see Fig. 59 combination of shared dental characters, in spite the fact that some postcranial 71 differences, considered to be the result of intraspecific variation by these authors, occur. 72
In addition to the presence of Baryonyx walkeri in Iberia, several different tooth 73 morphotypes have been reported, implying the presence of more than one spinosaurid 74 taxon for some authors (e.g., Alonso and Canudo, 2016) , although the scarcity of 75 associated postcranial material makes testing this hypothesis a challenge. 76
This paper aims to describe an enlarged theropod manual ungual recently discovered in 77 an outcrop from the Weald facies of Spain. This new specimen is compared in details 78 with those from other theropods. The implications of this new specimen for our 79 understanding of spinosaurid diversity are also discussed. 80
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The anatomical nomenclature of theropod unguals follows Charig and Milner (1997) 142 and Agnolin and Chiarelli (2010) . The phylogenetic framework for Tetanurae followed 143 in this work is based on the results obtained by Rauhut et al., (2016) who performed a 144 phylogenetic analysis on a revised version of the datamatrix of Carrano et al. (2012) . 145
For the purpose of comparison, the manual unguals of Baryonyx walkeri (NHMUK 146 R9951) Suchomimus tenerensis (NHMUK R16013, casts) and Allosaurus fragilis 147 (NHMUK R10868, cast) deposited in the Natural History Museum (NHMUK, London, 148
United Kingdom) were examined first-hand (Fig. 5) . Figured silhouettes of the claws 149 from other theropod taxa were redrawn from the bibliography (see Fig. 1 ). 150
A tridimensional model of the theropod claw was generated through photogrammetry 151 (see Supplementary Online Material). CSC1-4 was digitized using the software Agisoft 152 PhotoScanTM (version 0.8.5.1423), following the methodology of Mallison and Wings 153 (2014) . Photos were taken using a Panasonic DMC-TZ7 digital camera to compile a 154 360° digital reconstruction of the specimen. Two separate chunks were produced of the 155 dorsal and ventral surfaces (using 78 and 50 photographs respectively), maintaining 156 considerable overlap at the sides. These were generated using an 8-core workstation 157 with 32GB RAM. 158 only the proximoventral and distal portions missing (Fig. 3) . The preserved portion of 172 the claw has a proximodistal length of 190 mm, a lateromedial width of 64 mm and a 173 dorsoventral height of 100 mm in its maximum dimensions. The ungual is estimated to 174 reach over 220 mm in length. Recent damage due to aerial exposure in the outcrop has 175 caused the loss of the distal part by breakage, partial discoloration and slight weathering 176 of the fossil surfaces. Bone modification by taphonomic processes includes moderate 177 weathering of the claw, being difficult to quantify a precise stage due to the masking 178 effect produced by recent erosion. The proximal articular surface was largely covered 179 by carbonated matrix when the fossil was found, allowing the degree of bone 180 modification to be ascertained after preparation of the fossil by mechanical techniques 181 (Fig. 3A) . This part of the bone was particularly altered during the biostratinomic phase 182 as a result of weathering and perhaps other processes (i.e., consumption by scavenger 183 organisms), affecting in part the preservation of the original morphology, especially in 184 the area of the flexor tubercle. 185
The proximal articular surface bears a dorsoventrally oriented ridge that is slightly 186 offset medially, as in other theropods (e.g., Dryptosaurus, Brusatte et al., 2011). As 187 preserved, the dorsoventral height of the proximal articular surface seems to be roughly 188 similar to its width (Fig. 3A) . Although its original shape is not well preserved, theM A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT The asymmetry in the proximal articular surface (i.e., a dorsoventral ridge slightly offset 225 medially) is used to identify CSC1-4 as a left ungual. Given its large size, the attribution 226 of CSC1-4 to digit I is the most probable option according to the criteria previously 227 followed by other authors in identifying disarticulated claws (e.g., Galton and Jensen, 228 1979; Charig and Milner, 1997; Benson and Xu, 2008) . However, the claw of digit two 229 in at least Suchomimus appears to be very large too, and almost as large as CSC1-4 (see 230 Fig. 5 ), ,so the fact that the latter might also belong to digit II cannot be ruled out. The 231 estimated total length of CSC1-4 is about 220mm, which is slightly less than digit I 232 unguals but clearly greater than the length of digit III of Baryonyx and Suchomimus (see 233 Baryonyx on the basis of the massively developed forelimbs with huge claws, which 473 would be ideal for breaking into a carcass (Kitchener, 1987) . However, it has usually 474 been argued that they had a diet consisting mainly of fish (Charig and Milner, 1997) . 475
These authors considered the enlarged manual claws of Baryonyx to be a powerful 476 offensive weapon. They presented this spinosaurid as mainly a fish-eater, although 477 fishing would not be its only source of food, and pointed out that it may well have been 478 both an active predator (using its powerful forelimbs and claws rather than its jaws and 479 teeth) and/or an opportunistic scavenger (Charig and Milner, 1997) . In their discussion, 480 Charig and Milner (1997) was found in a burrow, and concluded that it produced burrows by scratch digging. By 497 contrast, hook-and-pull digging is not typically used for burrowing, but for food 498 gathering (Fearon and Varricchio, 2015) . Hook-and-pull digging is a two-step process: 499 1) the enormous, curved claws of the forefoot are hooked into a preexisting crack, 500 crevice or hole; and 2) the digits are strongly flexed and the forefoot is pulled back 501 toward the body. Anteaters use this technique when foraging to rip holes into termite 502 mounds, ant hills and rotting logs (Kley and Kearney, 2007) . Senter (2005) suggested 503 that animals that use hook-and-pull digging must have one huge manual ungual that is 504 larger than the others, and an enlarged digit capable of enough flexion to reach the palm 505 (Hildebrand, 1985) . The Baryonyx holotype includes some manual digit elements, and 506 the ungual of the first digit is notably larger than the others (Charig and Milner, 1997) . 507
Moreover, it preserves a well-developed flexor tubercle. In the light of the above 508 discussion, we suggest that the hypertrophied manual ungual CSC1-4, as well as that of 509 other spinosaurids, could be associated with hook-and-pull digging behaviour. In their 510 recent review of Spinosauridae, Hone and Holtz (2017) the lack of a spade-like spread to the limbs imply that it was used for digging into 515 harder substrates rather than moving large quantities of softer materials. Hone and Holtz 516 (2017) propose that the hypertrophied manual ungual of spinosaurids could have served 517 them to dig up nests, dig for water or reach certain prey items. Another hypothesis 518 would be to help them raise their prey from the ground. In this sense, Russell (1996) 
